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Chapter 1
Introduction and Background
A video device, such c\s a web<:i;l.m, has the capability t.o be used in many w<,ys. including
recording video Clnd beha.ving like

(l

securit.y calDera.

A TV tuner c<:\l"(.1 ('<l1I also record

video, and in additioll be used for wat.dling television. However, (.he \'id<'o hardwill'\' a.nd
device driver t.he operat.ing syst.em uses to a.ccess it are only eapable of delivering raw frames
of video.

A user spa.C€ applicat.ion is

nec~ry

for exploit iug (.be capabilities of such a

device beyond reacting sequent-iC\1 frames of video. This [('sl'rlrcb e:xpllJl'('s the desiderat" in a
powerful video device applica.tion. ami int.roduces a program that aims to fulfill these lleeds.

1.1

Terminology

To help understand this research, a few tenus should be ddiued ill
ating system is the main software plat.form of a computer.

mOl"\'

\~lindows,

detail. An oper

Linux, and Mac

as

x are all examples of modern operating syst.ems.
At. a low level, tbe operating system communicates with I.he computl'r's hardware (com
prised of various physical hardware deVices) through a level of abstraction provided by device
drivers. These device drivers take simple commands such

RS

"\A.'rite

a byte of data" and

translate them into a language understood by the device, tiHch as sl'tl iug \'cuiuus registers.
One t.ype of hardware device is a video device (sometimes referred to as a video capture
device) which ca.n capl.ure frames of video and provide them to t.he operating syst.em.
At a high level, an operating system provides an application programmer interface

5
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(API). Programs (a.pplications) rmuting on t.he operat.ing system have access to the operating
sysk n's API and APIs provided by 3rd party extellSions called libraries. The combination

of operating system and library APIs allows a.pplicat.ions to issue complex command such a..<:;
"draw a rectangle" or "create a zip file." These commands are writteo in a progra.:rnm.ing
language, such as C++, and compiled into a.n executable, which is the bina.ry datA an
operating system uses to run a progTam.

1.2

Task Driven Features

The features a video device application should have heyond the bare minimum of reading
frames of "'ideo from a device arc ba..<>ed on user tasks. If a. user never needs their video

devic:e applicabon to file tbeir taxes, t.hen the program shouldn't have a feature to do so.
Let's examine some of these user tasks.

1.2.1

Watch TV

For a device with a video tuner, we want to go beyond tUlIing channel". We want to really

watch tv. This means a video device

appli~tion should

have support for all of the following

features.
On Screen Display
Display of channel number, audio volume, closed captioning, extended data service (XDS),
and program gllide.

Deinterlacing and Overlay
Television is transmitted ill interlaced frames which must be implicitly deinterlaced (woven
t.ogether) for use as a single frame of video. Odd llumbered scan lines are thus displayed
1/30th of a second behind their even numbered counterparts. The phosphor coating on a
television stores t.he electron charge from the previous scanlines for a seamless effect, but
the resultiog frame appears to have jngged edges when displayed on a computer monitor.
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Various a.dvanced deinterlac-ing techniques can be lIscd to result in a higher temporal and
vertical resolution, and thus a more aesthetically pleasing image. Howev('r, t.hese dpinter1cH:
ing methods require a sig1lificant amount of CPU usa.ge. On t.he other band, video overJay
requires virt.uaUy zero processer usage because it copies the current frame of video directly
from t.he TV tuner ('Aud'::; memory to the video card's memory across the PCI bus. BYPi\.o:;sinf!,"
the system'5 memory and CPU prucessing in this fashion is the only acC€ptRhle way to use
a video device for wat.ching TV on a less PDwerful syst.em (under -1.5GHz).

1.2.2

Record Movies

';\''by not. save what. you're

s~ing

to preserve t.he memory?

WIllie You Watch
As you enjoy it in real time. A TV hooked up to a VCR will still re<'.eive the currf1ut siJ.'.lWl as
jfs being recorded. A software application should be no different and perform two opmatiulls
witb the current. frame of video. It. should save it t.o a movie file and draw it. all the screen.

Time Elapsed
Sometimes it.'s interesting to periodically reeord frames of video to a movie over a long fixe<.!
interval. Playi.ng back the resulting film at normal speed ean often result. in a fun fast-forward
through time wit.hout the cost of st.oring and skipping over t.he middle.

Personal Video Recorder
Digital Video Recorders (i.e. TiVo) an-' becoming more popular. Being able to automatically
schedule which shows to record, pause live TV, and skip commericaJs

(ITe

just some of the

tasks a user might. like t.o accomplish.

1.2.3

Capture Images

Exhibitionism is part of our cultme. Who wouldn't want. t.o take pictures with t.heir web<:am?
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Labels
It's especially useful if the application that snaps t.he pictures can "Jso aTmot.ate them with
the date/time and captions. Otherwise another application has to be manua.lly used and t.he
timestamp would be

inaccurat(~.

Upload
While we're a.t it, having a built in tool t.o upload the irnage to a webserver to be accessed by
web surfers fulfills a popular need. Once again, without the built in feature another program
must be used. It's tantamount to having one program that will record a movie, and then
another program that will save it from RAM to the hard drive so that it can be viewed later.
Security conscious users ,,·;Il waut a secure method t.o upload t.be image.

Timer
Along t.he lines of time elapsed movies, rec'Ording image<> at regular intervals and storing
t.hem to t.he hard dri\'(' or uploading to a-

f(~llIot('

system is a common task.

Live Stream..ing
Although a static image is what is usually found on Internet webcam portals, there is often a
need for a more frequently updated image. A client with only a web browser should be able
to connect and receiV(' str(,ilming updates of the Cl11Tcnt video input. T.his is a sort of one
way 'rideo couferencing without the client needing t·o install any extra software. Frequently
this kind of live streaming is needed by traffic cameras located

1.2.4

all

busy roads and bridges.

Detect Motion

By comparing frames we can det.ect clifferenc('.'; in the image which translate to motion if
noise bas been eliJlliu<.lted. A security eamera-like functionality is then provided which has
the benefit over t.ime elapsed recording of not storing long periods of i.nactivity. It also stores
many more frames when motion occurs.

, tI
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Exclude Areas
Sometimes a camera's view will include a small object. tha.t. appears to c.oll~talltlr move, but
a user doesn't want to consider as part of t.he input for motion detcct ion.

FOlr

axamplf'.

(l.

mirror in a room that reflects the image of a high traffic 8rea outside. Being ahJc, to ~r('at(' a
bit-mask which excludes t.hat area is very useful and impossible for a. user to do with external
software.

Various Event Triggers
:\ at ueally we')) want t.o record a video of the event. Users may also want. to deal wit h til('
movement. in a more adva.nced way, such as sending an e-mail or uploading the \"id(\o if the
camera in your home set.s off a trigger while you're away. It'd be no good Ito simply [('('oed
the video t.o t.he hard drive if the computer is about to be stolen.

Labels
Knowing the time, date, and locat.ion of events is crucial for ulldf'rstaJnding recorded securit u
footage. The application should have a feature t.o a.nnotate the frames of video with this
inform8tioll as they are saved.

1.2.5

Video Conference

Oft.en webcams are purch8sed to keep in touch 'with friends a.nd family that are far away for
C\

more personal touch than a phone.

Bandwidth Control Options
Depending on a user's connection, they may want to trade off higher image quality for lesser
audio quality. Thus a text chat fC<i.ture should also be available. Antithet.ically,
want higher audio qua.lity and a reduced image quality or frame rate.

i:t u::;(=~r

might
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Address Book
IPs are long and h,ud to rememher so an address book to store video conference connection
addresses is a very desirable fe<.1ture.

H.323 Standards Compliant
The International Telecommunications Union (lTV) has defined a set of standards which
video conferencing software should follow for maximum interoperability. The H.323 st.an
dards define how common IIsn tasks with a normal phone such as placing calls on hold
should function in a ,,;deo couferencing application.

1.2.6

Miscellaneous

Along wit.h all of t he big tasks, t.here are the more mundane but necessary tasks of adjusting
pict l1f<' settings (hue, color, contrast, brightness, etc.), resizing the image (TV is commonly
640x480, webcams 32Ox240), and having the current input be scaled to display ill t.he full
screen. Users might also have multiple video devices attached to their system and need all
of them to be accessible. Occasionally users might want to apply various post-processing
image filters to remove the chrominance errors from bla.ck and white TV, mirror an Un age ,
or even apply a cool filter.

1.3

The State of V 4L Applications

Before designing; or writing any code, a bevy of existing video device applications were ex
amined. The purpose of the survey was to detennine which programs supported which users

tash. Also, notes were kept

00

how each application

WClS

implemented for possible use as

a base progTam to extend with additional features to satisfy the research's requirements.

Because of the low cost specification q.nd int-uition that reusing code would be very im
portal1t in the project, only free op<'n source programs written for Linux were considered.
Linux video device applications aceess the underlying hardware through a simple API Ul.\led
Vide04Linu.x (V4L). It should be noted that during the course of this resea.rch a Hew API
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Video4Linux2 (V4L2) wa~ finalized and is slowly gaining grollnd. V4L2

lW('alH('

tll('

new st.andard in t.he 2.6.x branch of Linux.

1.3.1

xawtv

Written by t.he primary author of the V4L API in Linux, xawt.v[26] is a good rf'fC'r('nce
impklUclltation of a video device applicat.ion.

However, it uses a. clullky ontdat.ed CUI

iUII'rfc-l('C and comes with no easy way to manage the small suit.e of programs that

corne~;

with it, illcluding a. webcam program. Further t('sting rC'H"lClled t.hat it actually does defy
recommended V4L usage techniques and as a result works much bener with the smaHer set.
of TV I,uner cards t.han the wide raDge of web<:ams

OIl

the market. In fact, it only worked

wit.h one of the two test. webeaIns (the Logite<:h - see §B.4 for specific hmdware and driver
informat.ion), and even then only at certain resolutions. On the plus side, xawt.v does support
recording movies as well as video overlay and can run in full

Scre€D

mode wit.h close to zero

CPU usage.

1.3.2

tvtime

tvtime[14J is one of t,Le most. mlvHnn..1 tckvisioIl watching appli<'ations in the pack. However,
it has a nanow focus on high-quality video output and COD:'iequclltally doe::;n't support overlay
or recording movies. It. docs have a nice tilt.er to remove chrominance, but it can't. be used
wit.huut, a CPU intensin' deint.('rladng filt.er.

Empirica.l testing found performa.nce to be

unaccept.able on an 800MHz machine.

1.3.3

MythTV

Like t.vtjrne, Myt.hT\·[J2! is also only focused on only one user t.ask, which is being a poor
man's TiVo. It doe.s have some lwiqne features such as pict.uw.. in-picture. This feature
requires two TV hmer c:a.rds, which most V4L users don't have. However it's not. unrp$onable
1

to asswne t.hat.

(l

common user might have a TV t.uner and a cheap webcam. Myt.hTV is the

only a,ppUcation surveyed that can access mult.iple video devices from a. single inst.ance of

12
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~'IPEG-2

encoder cards (modern

tuner eards come with one) for full speed recording and playback with low CPU usage.

1.3.4

camE

camE[22] is attually a rewrite of the minimal webcam program that comes with xawtv and
adds over 15 new features. But even if it. were rebundled wit.h the xa,vt,v package, it would
still be difficult to use because you can't get live feedhack of what the current video input
15.

1.3.5

motion

Also fulfiling a small stand-alone application for a single t.ask is motion[44]. As the name
suggets its rnaill selling point is detecting motion. The author created a. video loopback
devic> which allows a user to display the video being processed. by motion, but it requires
allot-ber V4L application, such as xawtv. Unfortunately, the user must manually tell xawtv
the dimensions of tbe video input. These are all poor usability issues.

1.3.6

GnomeMeeting

GnomeMeetingl331 is a well-developed application for video conferencing. It has everything
a user could possibly want in a video conferencing program, but like the other packages,
that's all it's really eqnipped to do. It has a very nice interface aDd it's very easy to get.
started with it

1.3.7

EffecTV

Apparently writ.ten as more of a graphics demo than an)rthing else, EffecTVI151's abilities
are

limit~d

to applying very interesting speciaJ-effect plugins to incoming frames of video

and displaying them. Despite the live video window, it's a command-line driven prugTaffi
that must be restarted to change image settings and also has a steep le-..arning cnrve.
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Feat ure Matrix and Other Video Applications

Feature Matrix

• Watch TV
-

With a remote control
In a full screen mode
Decode closed captions and XOS (network and show name, etc.)
On Screen Display

-

Deinterlace

-

Overlay

Mime

xawtv

• Record Movies
-

Make time elapsed mOVies

-

While you watch
.
Personal Video Recorder featlres (paise live TV. commercial Skip, etc§

-

~

L,=__

MythTV

• Capture Images
-

Label with messages. current date and time, etc.
Upload to a web serve r
Live streaming over the Internet

• Detect Motion
-

Exclude areas
Record changed frames

as a movie

}

--====~---

camE

J==""---

motion

}=-

Meeting

• Video Conferencing
-

Chat
H.323 Features
Address book

Gnome-

The «hove dia.gram shows the correlation between Lhe applications and US0r tasks for wrur..h
support. is provided. Although t.here is some overlap, each tool corresponds to roughly one
genera.! task. As a result., up to six different. applications must be used to

;l('(:(':-iS

all of the

capa.bilities provided by a video device.

Other Video Applications
There a.rc (\ lot more V4L applica.tions that eouldn't be discussed for spa.(:e re.asons. A Quick
S('.arc.h on freshmf'-at.net will provide links to most of them. xawtv. t.vtim(" .\1vthTV,

CHInE,

motion, Gnomdv[ooting, a.nd EffecTV were sele<::t.ed because they appear to be the lea-ders
in their respective target markets.
Windows video device owners usually run the propriet.ary software bundled with their
hardware, such as ATl's Multimedia Center. However it appears that the typical webcam
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soft.ware program isn't very robust. as there are a ton of Windows webcam programs availa.ble
such as ChillCam, KABCa.m, VisionGS, and \Vebcam32.
Because competition with Apple's oVo.'ll iSight. camera a.nd iChat AV software is difficult,

M(l.c OS X doesn't. have many 3rd party video device applications. However, EvoCam is a
very nice webcam program for lv1a.c OS X and GnomeMeeti..ng has been ported as well.

Chapter 2
A New V 4L Application is Born:
grabber
This survey of t.he current: video devi<.;e applicatioLlS reveals that mo..<>t programs only support
a few specialized feat ur('~, t.hus a user must. juggle several different programs to real ire t.he
fuJI potential of their video devices. Mau<lging mult.iple soft.ware programs isn't an easy t.ask.

Clearly a unified tool for accessing video devices is needed t.o rectify this sit.uation.
Beci:\t1se no existing software prognlID conta.ined a majorit.y of t.he fe<ltures an advanced
vid€()

device user would like, a new open souree video device application ca.lled grabber

(bemuse' it gTabs frames of video) was created. Designing a.nd implemeting t.lJis new program
occupies a large pa.rt of t.his rese-ach. The t.echniques used to construct this piece of software
are general methods th<lt would benefit. the development of similar projects. Failed solut.ions
arc also discusseu so t.hat others may learn and avoid making similiar mistakes in fut.ure
work.

2.1

Specifications

A unified too) for accessing vidoo devices needs to support. a lot of features, and in this
r(:'~rch

the a.uthor a.ttempted t.o do so while meeting severaJ specifica.tions.

First, the program's code must be elegant a.nd well clesi.gned. It.
i7.atioo techniques and was implemented in clean, idiomatic code.

15

llSed ~tandard

~"lodern

mudula.r

techniques such

CHAPTER 2. A NEW V4L APPLICATION IS BORN: GRABBER

16

as following design patterns[21] a.nd applying t.he prillcipals of refactoring[20] wp..re used. A$

a partial motivat.or t.o avoid writing an ill-conceived implementation, the source code was
made available to the pu blic for scrutiny,
Secoud, the application must have excellent usability. Its

d(~sig!l

is based at the highest

level from the needs of a typical user. If the software can't be used by the typical w;er, it's
worthless. Human interface gl.l.idelines were followed at all times to yield a product that is
friend lv, intuitive, and powerful.
Third, budgeta.ry c:onstrains required t.hat development costs be very low. Paying $76 for
fl

few test video devices was acceptable, but paying $1550 for QtjWindows or even $399 for

Int.el's

C++ compiler for Linux was ullacceptable, If technologically feasible, free software

was used to minimize overall costs. Research was performed by unpaid volunteers whenever

possible.
Finally. the project had an eight month deadline. Consequentially, a working prototype

had to be delivered wi f hill seven months to provide time for evaluation of t h(' application and
recordillg of the results. If a

f(~ature

wasn't complete in the initiru seven mont.h timeframe,

it wasn't included in the rcscardl. Core features that got the application up and funning

had a b..igher priorit.y than tlwor<'ti(',t.! fllIwtionality.

2.2

Requirements

To meet the specifications discussed ill §2.1 r grabber had to almost by defini tion meet several
requi rements.
In order to satisfy elegance aJld deadline specifications, grabber had to be implemented
in a high level language. Writing grabber in a low level language would require a large code
base that would undoubtedly lend itself to inelegance and a

lon~

development time due to

the lack of high level constrllcts.
Combined with the necessary support for a variety of functions and a usable interface,

qrabber had to have a graphical interfar.e. Matched with the low cost specification, it had to
rUll

on Linux under the X 'Window System. Paireu with the high level langllage f\.nd c1e.adli.ne

requirements, the author decided that

C++ wouJd be used in conjuction with the Qt[40]
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Ii brary. Qt. (pronounced "cute") was selected as the underlying wolkit for grabber bcr.ause

of it.s compktdy object-oriented design and robust. and clean API.
This blend of GNU/LinuxjXll/Qt./C++ provided a solid foundat.ion for the develop
ment of gmbbp'1". These core tools provided an affordable, robust., and easy to lise general
infrastrueture suit.able for project.s with similiar specifications ond requirement,s.

2.3

Goals

The creation of gmbber yielded a useful non-trivetl prognun, In doing so, several skills were
developed. The author's knowledge of C++ was

incre;:l.";f~d

by virtue of e,'(perience and also

by way of learning best. practi<.;es such as leveraging the stRndard template

libmr~...

(STL) and

popular toolkits such as Boost,16]. Additionally, debugging acumen was refined by way of
learJIill~

the GNU Debugger, gdb. The paradigm for error reporting in a cOlTlpilHU hJug\llagc

(:-;('gmmt ilt ion fau.lt.s) is V'astly different than the error reporting (stack 1rnc(J-$) provioed by

interpret.ed languages such as Java, which made learning gdb a requisite skill. Quickness in
ullderstanding and mastering other:-;' software was enhanced because the source co(ie from
similar open source programs was used as a model for implementing ,grabber.
Because none of the existing V4L programs were designed with multi-platform support
in mind, it would be nice if grab beT considered t.his burgeoning need. C-I

portablity in mind is often wcJl-desig;ned

(\.lId

+-

writtc'o wit.h

relies more all correct.ness tha.n C++ written

for a specific platform which relies on syst.em quirks. Qt is also available for free on Linux
and OSX) with both operating systems also cont.aining t.he G::'\C suit,e of compilers for free.
Coding mult.i-platform friendly C++ provided a. bettn nndcrstllDding of issues hiddell by
.Java running on the JVM platform.

Chapter 3

Design and Implementation
3.1

Method

The development. of gmbber w~s an iterative process. Unlike the classic w<\terfaJI model, iter
at.ive development is au agile method which allows for mistakes in the design and wlforescen
consequenees in the implcUH'lltation. The typical development cycle for qrabber would lost.
only 1-2 weeks. In each itr.ration

ll.

reasonable set of tasks were selected for completion with

the goal of having a new release dyai1able at the end of the cycle. This method of project
managment allowed frequent progress reports and saved grabber from getting bogged down
in the "real soon now·' state because at. least every two weeks a new stable version was
aNclilable.
Tn a sample week long it.eration the tasks might be to "Implement video overlay aBd
remove the thread from the LIRe class." Knowing that xawtv alrf'MY implements video
overlay, the author would examine the source code to xawtv and see how it's dOlle. Althougb
video overlay requires maoy steps, paJ-t of the process is to refresh any willdows that are
moved over the overlay window. After finding a method to refresll the root window (the
whole

scr~n)

in xl1/xl1.crefresh_timerO, the a.uthor would refactor the method to

work \vithout the Xt toolkit (only Xlib[4]) and a.Lso generalize t.he solution to refresh any
window, Hot jnst the root window.
Original source code from xawtv:

static void
18
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refresh_timer(XtPointer clientData, Xtlntervalld *id)
{
Window
win = RootWindowOfScreen(XtScreen(video»;
Display *dpy = XtDisplay(video);
XSetWindowAttributes xswa;
unsigned long mask;
Window
tmp;
if (!move

&& vrnap && visibility == VisibilityUnobscured) {

if (debug> 1)

fprintf(stderr,"video: refresh skipped\n");
return;
}
i f (debug > 1)

fprintf(stderr,"video: refresb\n");
overlay_refresb = 0;
if (wmap && visibility != ViSibilityFullyObscured)
did_refresh = 1;
xswa.override_redirect = True;
xswa.backing_store = NotUseful;
xswa.save_under = False;
mask = (CWSaveUnder I CWBackingStorel CWOverrideRedirect );
tmp·= XCreate~indow(dpy,win, 0,0, swidth,sheight, O.
CopyFromParent, InputOutput, CopyFromParent,
mask, &xswa);
XMapWindow(dpy, tmp);
XUnmapWindow(dpy, tmp);
XDestroyWindow(dpy. tmp);
move = 0;
}

grabbers versioll of the code (located ill src!xl1videosourcewidget.cpp)

void XIIVideoSourceWidget: :refresh()

{
Window rootWin = DefaultRootWindow(qt_xdisplay(»;
refresh(rootWin);
}

II from xawtv's xl1/xl1.c
void XI1VideoSourceWidget: :refresh(Window window)

{
Display* disp

=

qt_xdisplay();

19
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XWindowAttributes xwa;
XGetWindowA~tributes(disp,

window, &xwa);

unsigned long mask = CWSaveUnder I CWBackingStore I CWOverrideRedirect;
XSetWindowAttributes xswa;
xswa.backing_store = NotUseful;
xswa.save_under = False;
xswa.override_redirect = True;
Window toop

= XCreateWindow(disp,

window,
O. 0, xwa.width, xwa. height ,
0, CopyFromParent, InputOutput. CopyFromParent,
mask, &xswa);
XMapWindow(disp, toop);
XUnmapWindow(disp, tmp);
XDestroyWindow(disp, toop);

}
At this point it might be Jiscovered that although grabber now has the code to refresh a
window, it's a very difficult to detennine exactly which windows need to be refreshed and
when. This problem is discussed thoroughly in §3.6.1. Meanwhile, the aut.hor has decided
t.o switch g('ar~ ,Iud try to complete the other task for this iteratioll.
After readmg the technical document.ation for LIRC[341 online the author would see that
a QSocketNotifier might be the appropriate solution. A tittle time reading the online Qt
documentation[41] would help clarify how the API should be used and now t.he author can
implement a solution.
From src/lirc.cpp:

int flags = fcnLl(lircfd, F_GETFL);
fcntl(lircfd, F_SETFL, flags 1 O_NONBLOCK);
QSocketNotifier* qsn = new QSocketNotifier(lircfd. QSocketNo~ifier::Read,
this, "1ircreader");
connect (qsn, SIGNAL(activated(in~)), SLOT(readCode()));

Now instead of having a.n entire thread devoted to a blockillg read operation on the LIRe file
d('snipt.or (the lircfd variable), the device is polled by Qt and when new data is availahle
the readCode method is ('..aBed.
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the sample week long development. cycle is over. Alt.hough video

OWriHy

\\a:-;n't,

fuily implemented, the an thor has a bet\.er understanding of the scope of the problem and
can choose to either tackle it later or devote all of a two week iteration t.o solving t.he problem.
The good news is tha.t t.he new sta.ble relea.se now has one

l<:~ss

multi-threading issue

about.. This meaDs the program is less likely t.o crash due to improper Jocking

{.O

worry

<tlld

might

even be faster blXclUse of redllced operating syst.em task switching.

3.2

Framework

To avoid re-inventing the whed, code from other open source software projt'ds

WilS

used

whenever possible. The GUI elements of grabbe, supported directly by Qt hnd to be coded
from scratch. but the bask logic Rnd lessons iE'.arned from existing progrcuns such as xawtv
were incorporated to fit. 9raoocr's framework. Some sections of code, slIcb as the highly re
searched Jist of va.rious tekvision stCltioIJ frequencies around the world, were copied verbatim
under t.he terms of the C:\C General Public. License version 2[181.

3.2.1

Full Hardware Support

A video device applicat.ion that would provide t.he best end user

experien('(~

is one that

supports all of t.lH? functionality provided by t.he sy::itcm's hardware. For eXrunple, if a TV
tlmer card can read closed captioning data, then a video device application should support
displaying t.he capt.ions.
~hould

IdeaJIy, every piece of functionality supported by the hardware

be supported by a feature in the software.

III general, video devil:c applications should be able to do marc than just read fr"mes
of video from a hardware device. For example, if a query of t.he device's ('apabilties ren;aIs
that. t.he video's brightness and size can be adju:::;ted, tben the applicat ion should
USBr with a method to set these properties. Most devices support.

m()(lif.viH~

pr('~'nt

thp

vidc'o srI I ings,

but many devices do not. have tuners. For example, a wcbeam won't have a tuner, but. a
TV c:.o'l.fd will. Thus, somet.imes special hardware capabilties are available, and t.hese should

always be support.ed with a corresponding feat-me in the application. Unlike most otber V4L
fl.pplications, gmbbe, supports mult.iple video dcviees and infrared remote controls.
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3.2.2

Responsive GUI

Full frame 64Ox480 NTSC video has a frame rate of approximately 30 frames per second, and
at 24 bits of color per pi'<el, that adds up to over 26

~'1B

of data a. second. Consequentially:

grabber has to be fast. To alleviate some of the high data rate problems, the YUV color
spare, whicb only requires 16 bits per pi..xel, is used whenever possible. In addition, frames
of video are shared th roughout the program via thread-safe reference counted smart pointers.
These techniques minimize memory access, thus providing for a higher overall throughput
by reducing traffic over the

~

'stem's bus.

In order to balance gmbbe'fs multi-platform abilities with speed requirements, several
abstract base dasses are used ,,·ith concrete platform specific implementations. This design
allows grabber to tak(' advantage of important. optimized functions, such as the X \Vindow
System's XVideo and shared memory extensions. A speedy and elegant high-level interface
is thereby presented to the progTammer.

vVhen testing or porting to a new platform, a

default implementation of the interface, which only relies on Qt, is also available.

3.2.3

Color Spaces

Computers typically· operate with data in the

RGB~A)

color space. 8 bits of red, 8 bits

of ~reen, 8 bit.s of !lIue, and an opt.ional 8 bits of f1lpha channel or transparency. On the
other hand, vidro typica.lly operates with data in the YUV (also called YCbCr) color space.
Y represents the luminance or brigbtness, U represents the blue chrominance component,
and V represents the red chromillance compouent.. The YUV format is a result of forwA.rds
compatibility for black and white television sets with color TV t.ransmissions. A black and
white TV simply reads t.he Y (luminance) as a graysc.aIe valuc and ignores the red and blue
components. A color TV uses U and V for red and blue and t.he Y component for gTeen.
There are several YUV formats, and they all favor the Y component with t.he most r('solution
her-alls(' that's the color the human eye sees best/3J.

grabber needed a method to convert between the RGB and YUV color spaces. TV tuner
cards internally use Y1N and might need to have their data converted to RGB for display.
Most webc.ams seem to internally use RGB, yet they might also need to have their data
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converted t.o \'1JV format to take advantage of special [fiSt. YUV drawing routines that the

video card might. have. Event ually I ended up using libjpegl24] to convert between the t.wo
colorspaccs.

3.2.4

Internationalization (i18n)

Qt version 3.0 and higher makes interoatiunali;r,ation easy. Although grabber was written
for Qt 2.3, the i18n tools in version Qt 3.0+ are ba<:kwards compatible. By borrowing the
linguist, lupdate, and lrelease tools from 3.0, a framewurk for making tnlllslatC'd ver
sions of grabber

W3."

established. User-visible text. is wrapped in a QString, which internaJly

uses unicode. R.unning t.he lupdate toul generate,,,; source trans Iat. ion files wbich can then
(';lsily be edited by the lingust tool. Aftenvards lrelease is exccuted. t.o (T(\(\t(' the t.rans
lation object:'- which grabber loads during initialization based on the language spccified in
t.he configuration file.

3.2.5

Web Server

Because a simple webserver was needed, one was writt.cn from scratch. Using

(Ul

existing

webserver, like Apar.he[12] would require a. lot of work to extract only t.he 1I1('Hningfu[ parts.

3.2.6

Remote Control

We want to sit back and relax while watching TV, so the LlRCl8j project was used. for
reading data from an infrared remote control.

3.2.7

Streaming Applet

The client for t.he live streaming webserver is actually written ill ]mc1l25j. vVhat ds(' would
run in a web browser? Reflect.ion

\VelS

used to determine the audio ti'lpahilit.ies of the apple\...

If Java 1.2+ is found, the API audio is used.

Otherwi~\.

a.n attempt. t.o use the forbidden

sun. audio. AudioPlayer package is used, which seem., to be present. under all Windows
implement.at-ions. Double-buffering is used for a flicker-free image.
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3.3

User Interface

Wheu writing a GUI program, usability is paramount.

However, a program's usability

doesn't have to sacrifice easy programmability. Consider the poor user interface presented
below. It hides information from the user because one can't see at a glance statistics for
all of the current connections. As Jef Raskin said "If people weren't goorl at finding tiny
t.hings in long list-s, the Wall St'reet lou'rnal, would have gone out of husiness years ago." [31]
Normally this would be a pain to reprogram, but not in grt1.bber·.
ff1~
I P ' - - - - - - -.......- - - - - - - - - -  .. - - · - - - - - - - - - - - ' = " "
"rl
Connection Info
Column 1

64.63.92.103
45.96.1204

audio
bytes transmitted 12351 5

216.234.3.186
empty·
empty

connectiofllime 00:15:34

me rate

1

HTTPdlog

Status: Running

--_......

Stop

Show Options

I

25

CHAPTER 3. DESiGN A ND IMPLEMENTATION
Serverl1anagerUI
draw () 0- - - - - 

-- ---- ~ '*"-

t.he DJI

14

s t-arUtit ton
s l;.Qpl>Aton

Oient

:--I~~I;;""~
~

__ ldi5abl .. st..artllJAt-on,
~n~~I~ sto~Button.

The Genemtion Gap!43 1 design pFltt(,rD (U\[L <them-) i:;

ll"iC'd

('xt(,lIsiwly. Aft.er visually

creating a prototy pe interface with Qt Desiguer 1 all one had t,o do was implement the methods

t.hB-t accessed the but.t.oIls. A minimal C++ implement.ation (actually used by grabber in the

About class) follows.
From the file about. h:

#ifndef ABOUT_H
#define ABOUT_H
#include "aboutui.b"
class About : public AboutUI
{

public:
About(QWidget* parent = 0, const char* name
WFlags fl = 0);
-About 0 ;

0, bool modal

= false,

};

#endif II ABOUT_H
From the file about. cpp:

#include "about.h"
About::About(QWidget* parent, const char* name, bool modal, WFlags fl)
: AboutUI(parent, name, modal, fl)
{
}
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About: : - About ()
{
}

In a typical implementation that. actually
be

(:r~ted

u~es

the widgets in the GUT, connect () ions would

in the constructor with call-backs to class member functions. For example, the

Upload button in the WebCam is set up in the constructor with this line

connect (uploadButton , SIGNAL(clicked(», SLOT(upload(»);
and the WebCam: :upload method contains the code that actually implements uploading an
image.
\\Then user testing reveals a problem, a quick edit

~"ith

designer aud

<:1

recompile are the

only steps needed to manipulate "rjdgets into a more user-friendly display. Using this tech
nique, grabber was ahle to rapidly develop a plesant interface and remains easily extensible.

3.4

Testing and Debugging

Testing o(;curecl every day during the development of grabber. The author "a.te his own dog
food" and used the most recent version for personal use. This means if watching TV was
broken, the author couldn't watch TV until it was fixed in grabber. Having the lucentive
to really test new features seemed to be enouJ:!:h as only a ha.ndful of broken rele.'lses were
made. One testing technique that rcalIv helped to debug subtle memory errors was to run
Valgrindl361 while using the program. It outputs in real time common errors such as a
conditional jump depending on au un..initiali2ed value.

3.5
c++

Using

C++

is a big language. Its creator \vrote a very large book;:3~J on all of its features. Ideally

a C++ prognullmer would knov;n ('Yerything there is to know ahout C++, but that might
tCl.ke a decade. There are some other books, like Effective C++ :28) that. make the process
of learning C++ less painful. However, t.he "50 Specific Ways to Improve Your Programs
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For cX8.mple, following item 29

(p.l2J-128) whir.b snggl':-its avoiding returning handles to internal data would be far too slow
if applied

1.0

t.he VideoFrame class. A 64Ox480 VideoFr;:uue is bui',"<' rind can't. be

~opied,

it

must be shared. A data sharing solution is discussed in §3.6.5. On the ot.her hand item 48
(p. 223-224) whic'b recomm<>nds paying attention too t:Ompiler warnings was token Jiberally
to mean rewriting the Makefile t.o produce a less verbose output. This turned out to be a
fabulous idea because a warning had become lost in the prolL'\. output which' was echoing t.he
current compiler command being issued including the long list of flags and options.

3.5.1

Building a C++ Program

One of the 12 questions on The Joel Test 1371 is "Can you make a. build in oTle st.ep?" A one
step build of a C++ program is oilly trivial for a single source file.
g++

main.cpp

-0

app

Even a program with only two source files requires three steps to build.
g++
g++
g++

-c main.cpp -0 main.o
-c util.cpp -0 util.o
main.o util.o -0 app

Add ill linking with libraries and generated sourcc files, and you'll have a complicat.ed build
process tlift t' s faT from being orw st (,p. A tool, called GNU ~1;1 ke .19], is commonly used to
manage t,he build of C++ programs. Because grabber uses Make, it has a one step build
process. However, Make is C&ily abused and u~ed incorre<:tly. The next subsections cover

t.he.5e issues.
Make
Although compiling a C++ progTi:Ull may seem like a trival task, it 's not. Large programs
develop complicated dependency graphs and aut.oma-tion is the only fensihl(' way to manage
t.he rl'iationships. For example, every solUce file that. includes a. header must be recompiled
when t.he header is modified, Further, code relying on generat.ed files must. evaluated only
after t.he generated file:; are CH'.at-ed or updat.ed.
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A simple solut.ion to the problem is to pass the -MM flag to g++. The resulting output
is in the forma.t of a rule GNU Make can use t.o calculate wbich objects must be rebuilt.
However, g++ -MM must be re-run and the Makefile updated every t.ime a he..'Uter tile is

modified. Clearly this is not put.ting us on the path t.o one touch compilation bliss.

Linking Order
If you're linking against a library and get a warning like "undefined reference to
'XF86VidModeSwitchToMode' ", you need to switch the order of the command like argu
ments to g++ so that the list of objects gets passed ji.TSt and the list of Jjbraries comes last.
For example...
g++ -lqt-mt -L/usr/X11R6/1ib -lXxf86vm

bar.o

-0

monkey

bar.o -lqt-mt -L/usr/Xl1R6/1ib -lXxf86vm

-0

monkey

£00.0

is incorrect and

g++

£00.0

is c:orrect.

Further Reading
Recursive ~'Iake Considered HalTI1fuJI2(f is an excellent paper that not only covers in more
depth t.he pitfalls of recursive Ma.ke, but. also the proper use of Make.

3.5.2

Broken Compilers

g++ 2.96 is not an official compiler release, just. a hroken version from RedHat. Avoid using

it at aJl c:osts; it. can't even compile the Linux kernel. RedHat. was nice enol.lgh to include a

real version, 2.95, under the name kgcc.

3.5.3

Allocating on the Stack

The following snippet of C++ code seems innocuous.

void sillyCopy(int length, char* data) {
char tmp[length];
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for Ont i
tmp[i]

= 0;

i

< length; i++) {

data[i] ;

}
}

Assuming t.he input is valid (lengt-h is equal to or less than the size of the char array
pointed t.o by data), t.hi.5 function should work. It's a worthless fu.nct.ion beca.use it doesn't.
do anything with t.he copy of da.t.a it. stores in tmp, but it's logically correct. Notice how tmp
is alloC<.l-tecl on the st.ack iDstr.ad of the free st.ore so we don't have t.o worry about ddding
the pointer.
The problem wit.h the code is that t.he length variable may be larger than the size of
the stack. thus causing a segmentat.ion fault for apparently no reason. To del.l'rluine how
large the stack is under UNIX variants, nrn ulimi t -so In testing

R.edHHf~

was found t.o

be unlimited (although lusrlsrc/linux/include/linux/sched.h says 8192 Kin), D('hinn
cwd Solaris report 8192 J<iB, IRIX 65536 KiB, and Ma.c OS X only 512 KiB. Tlu'refore, if you

need to allocate over half a MiB of data. you 5houldn't do so on t.he stack. IdE'alJy, only small
plain old data (POD) objects should be a.IIo('all'd on the stack for ma.'Cimum portability.

3.5.4

auto_ptr

To overcome t.he burden of properly newing and deleteillg obj('<'Is from the freB store,
C++ provides the auto_ptr template. When the auto_ptr oujl'<,t goes out of sc.:ope, it.
automa.tically deletes t.he point.er it holds. This is not only useful for when

l:\

funct.ion

ret.urns norma.lly, but. also when it ret.urns bee3U5e of au cX('('jltion, as it will abo elmn up
t.he object properly. However, Boost.'s[6] shared_ptr is Oft.ell a better choice because it can
be used in t.he C++ Standard Library cont.ainers. More discussion on the topic can be read
in Using Rul.o_ptr Effect.ivd.:-:39].

3.6

Problems Encountered

Despit.e extensive reuse of exist.ing code, sevem] technical hurdlES had t.o be overcome.
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Refreshing the Screen

xawtv's method of refreshing the screen was written for a different toolkit, Xt, and simply
can't work under Qt. This feature had to be implemented in g1'l1.bber via accessing a platform
specific hook provided by Qt and is the only example of such a

3.6.2

US€

known by the author.

Calling Interactive External Programs

It wouldn't. be ~....ise to statically integrate code from a security related application into

grabber. 'What if a vulnerability \Y('r<, found? All grabber installations would need to be
patched, which is a complicateJ affl'\ir. GelleraUy this issue is avoided by programs accessing
other code through dynamic- l.ibraries. In this paradigm, only the broken library would need
to be updated, and tben all of the applications that access it are automatically updated by
virtue of no longer dynamically calling the broken code.
\Vhen it came time to add secure copy (SCP) support to qrabber so that it coulJ upload.
w('beam images without sending the llS('r's password in plain-text over the network (as FTP
does) the choice was made to simply access the SSH lltilt.ies installed all the lo~ machine.
However, because there aren't any high-level functions in the SSH libmry to copy files,

g'rabber had to wrap around t.he sep biliary as if the user were directly calling jt from the
command line.
Usually a child process is fcrkOe<:1 off to Ul..l.l a function in the exec() family, but this
wouldn't work beeauS(' scp is all

i..lJt(·~radi\T

process that. uutput.s inporta.nt information and

requires a lIser to type a password ....·hich can't be spocified on the cOlOmarH.I-lille. A private

key file can he used (tills is tlw wcthod camE relies on for its sep file copying feature), but
typic<1.lIy users dOll't have a pri\"ate k('y set up and simply type their login name and password
at the prompt. :\ormally a. set of read and write pipes can be attached to the running process
for interacting with it. Huwever, the scp binary tries to defeat. a man-in-the-ruiddle attack
at this level by writillg directly to tIll' tNlIunal device.
The forkp"tyO function

C,lIl

fork

OpC'1\

a psuedo-tty which sep wiU believe is a normal

terminal. Data can t.hen be read and written, thus wrapping around the stand-alone binary
as jf t.he user were directly accessing it. However, when using pthreads, a call to exec 0 will
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st.omp on the footprint of the threads, thus causing the program to crashl301.
The SoluI,ion t.o this problem is to fork before any threads are crf'A"'1.ted. This child thre.:'1.cl
becomes a "surrogate parent." which the parent thread cornmunir.ates with should it. need
to fork anut.her child. In grabber t.his surrogate parent is t.he one that forks children to call

forkptyO.
Finally, a communication link has to be establi"ihed between the fork('d process that's

calling scp and the parent process t.hat's running the GUI and creating 1.,h(;) requests. Named
pipes didn't. seem to work, nor din shared memory segments. However, Linux's Message
Queue system did, therefore the t.wo forks corornuni..'i;ltl' Vi(l message.s. Mueb later on it

was discovered that tbe development system dictn't haY(' support for the shared memory
faux filesystem mounted on Idev/shm compiled into the kernel, which may have caused t.he
sha.red memory methoLl to fail.
At the moment, the me.ssage queue system is bnggy and often crashes after the first
succ.essful upload..

3.6.3

Opening a Server Socket

For a long time, if grabber was closed and then fe-opened ill lUlder SL'Cty seconds the following

eHor message would be printed t.u the console

QServerSocket: failed to bind or listen to the socket
and the built.-in webserver wouldo't work. Under Linux, sixty seconds is the default I,imoout
for t.he CLOSE-'WAIT st.ate. EVE'D though the progTam was done, the socket wouldn't. be

available again [or sixty seconds. After much research, it was discovered that by default

Qt wasn't set.ting the address reusable option on t.he socket. The working code in the
IfITPServer const.ructor reads:
if Cloke» {
II allocate a new socket. this object won't get deleted because that
II would call close on the socket. we're instead going to pass
II control of the socket to ourself, the QServerSocket
QSocketDevice* qsd : new QSocketDevice();
qsd->setAddressReusable(true);
if (qsd->bind(qsd->address(), port) && qsd->listen(backlog» {
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//TODO: how about not printing it in the first place?
qDebug( Fixed \"QServerSocket: failed to bind or listen to the"
" socket\" error"};
setSocket(qsd->socket());
} else {
return;
t1

}

}

3.6.4

Signals and Slots in a Threaded Program

You can't send a signal from a thread.. If the signal you emit. happens to cause a change in
t.he GUf the program will crash if Qt's majn event thread (the GUI thread) also happens to
be modifyiug the GUT. The solution is to creat.e a Cust.omEvcnt and place it on Qt's event
queue for processing by the GUI thread..

3.6.5

Data Sharing

§7.13 of (vlodem C++ Design[l] discusses smart pointer multithre..:'\ding issues. It's possible
that ZooLib/23j has a correct impleJIleJltation ill

it~ ZR.ef class. Qt 4

will have native support

for thread-safe implicit data sharing.

3.7
3.7.1

Releasing
grabber

Making a new reIP..ase of grabber is painless. Simply type make tarball frolrt the project's
root directory. It will create a tarball release named after the VERSION V'ariable ill th~

t-.tfakefiJc.
Documentation
Doxygcn 12], which supports JavaDoc-style comments, was used to document grabbe1'. Only

a few files are doeumented (EasterEgg, VBISource , Video*) and running make doc will
generate them yielding a useful main page in doc/ index. html and doc/html/index. html

CHAPTER 3. DESIGN AND IMPLEMENTATION
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Writing This Document

Text
~TEX

was used t.o format thib document.. The anthor should have stopped coding .llmbber

and st..arted writ.jng t.his th8Sis April 2nd inst.e.ad of April 16th. J\tlore topics t.hat couldn't he
discussed ca.n be found in t.he t.imesheet. log::; on the endosed CD-ROM.

Graphics
While adding images to this document with the graphicx package <l few t.ricks were learned.
A bad way to couvert .pug files to .cps files would bB:

pngtopnm ~mp.png I pnmtotiff > tmp.tiff
tiff2ps tmp.tiff > tmp.eps
rm -f tmp. tiff
A good way would be to simply do:

convert tmp.png tmp.eps
Whenever you want to include a graphic use the command

\includegraphics{graphicname}
and pdflatex will auloma tie-ally use t,he file named graphi coame .png a.nd latex will use
aut.omatlcally use graphicname. eps. It's just. t.hat easy.

Camera Ready Copy
The BibTEX and MakeIndex packages a:; well a::; pdflatex were used in creating

0

version of the ducument. A fined version has been included on the enclosed CD-ROM.

fillC\1

Chapter 4
future Work
As always, the order of priority for implementing future work should he based

all

user needs.

A few general itellls to fi..'( include:
• PortillV; grabbeT tu Mac OS X probably wouldn't be too difficult. There is a version of
Qt for OSX and maccam[16J comes with a small sample program that reads frames.
Looking at. its source code would probably make figuring out the appropriate calls to
the QuickTiw€ 12] library pret.ty easy.
• It'd also be nice to be able to pass in command-line arguments to perfoml various
actions, much like several of the prog,Tams (camE and motion) I've incorporat.ed into

yrabber. At the very lea..st a quick little -grabjpg flag tha.t would execute code to grab
the cmrent frame and

~a\'('

it. as a JPEG without opening the CUI would be handy.

• The main ?vfakefile in grabber needs to be re-written so that it. doesn't. recursively
call the lvla.kefiles in t.he subdirectories. Using make recursively doesn't. bandle t.he
dependencies between files in subdirectories correctly (see §3.5.1).
• vVhen the message queues are full, the command that must be execut.ed to clear them
is only printed to the terminal. Someone starting grabber from a shortcut will never
see tbis standard output, so it'd be nice if a little message box popped up telling the
user what they should do. Better still, tile dialog should ask the user if the," waHt

grabber to fix the problem and restart itself.
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• Use sorne form of sourc.e cont.ro!' such

{\$

Subversion [111 or GNU Areh[271, CVS i:;

shov.ring signs of age and should probably be avoided.
• Volunteers fluent in a foreign language arc needed t.o produce accurate trRJ1slat.ions.
And there's a.lso more specific work to be finished ill severa.l classes.

4.1

HTTPServer

• This should probably be re-writ.ten as a single-threaded multiplexing I/O wrver. Doillg
so is probably a good icle.a for sc.aling well to bigh loads as it will increase the likelihood
of cache hits[45J.

• ,grabber ne€ds

to not send out stream.ing data

i:\S

fast as possible.

The client end

(Nctsca.pe i.o part.icular) will sometimes buffer up l,he data and fall very feU behind the
current image.

4.2

Label Editor

• When

C\.

rughlighted item is deleted, the next one is selected, but not highlight.ed. It.

should be highlighted as well.

• It. might be neat. to have some way to actively Tf'-ad t.he la.bels from a text fik, like
NowPlaying[17j.

4.3

Live Streaming

• A spllttE'.f Widget needs to be inserted betwe€ll t.he list. of counections and l,he HTTPd
log.
• The St.a.rt/Stop butt.ons should be replaced with a single but.ton.
• This may be a. bug in Qt, hut. text in t.he HTTPd Jog is alwa.ys inserted below two
empty Jines a.t the top. There shouldn't be any blank lines at the toj.>.

CHAPTER 4. FUTURE WORK
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Motion Capture

• This feature and the widget a.nd all of the menu links to it should be probably be
renamed

"~\'Iotion

Det.ection."

• The size of the video input should he n.xed when recording a movie file.
• Adding an optioll that would output to numbered JPEGs (l.jpg, 2.jpg, etc.) would be
nie .

• The differencc alg;orithm should be updated with the logic from the most. recent version
of motion.

4.5

Options

• The aspect ratio and full-screen resolution feat.ures need to be implemented.
• Perllaps the cllannel editor from Zapping should be incorporated into grabber.

4.6

WebCam

• The mecha.nism to upload images via SCP needs to be more t.hroughly tested and
debugged.
• Suspending the applicat.ion currently breaks the message queues. This should he fixed.
• Add support for SSH identity files.
• Add support for HTTP PUT and active FTP (Qt only supports passive FTP).
• Allow the' file:! /

the filesystern.

protocol to be used. It should just copy the file to somewhere on

CHAPTER 4. FUTURE ""'ORK
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VBI

• Closed captions should be overlayed on t.he incoming video instead of merely displayed
in the VBI 'Window widget .
• Zapping [35] may h:we a. more mature VBI decoding library called ZVBI. If so, it would

behoove gmbbcT to use it inst.ead of the current. implementation.

Chapter 5
Conclusion
Even in it's current unfinished state, grabber is a.rguably the most powerful video device ap
plication currently av·a.ila-bie. The features that are already implemented satisfy the majority
of user fasks diswsscd in §1.2 and grabber's flexible design should make adding feat.ures to
support the remaining tasks eMY.
The resea.rch, design, and development of gmbbe'r bM been an amazingly educational
experience. LMrning new techniques such as the Generation Gap, new tools such as Valgrind,
and a more in-depth understanding of C++ have already helpell tlH' author jn
development projects. The impressive sjze of g1abber itself

C16,000

of her

softwa.re

lines) stanus as proof

to the knowledge t.hat. has been obtained in order t.o manage such a large and complex
applic;\tion. Perhaps even more impressive is the fact tha.t at. one point grabber contaiJloo
over 20,000 lines but had less fea.tur 's. 'Fhe skills involved in refactoring away duplicate code
and making the must. of tbe available API ean't be leamed by reacting a textbook, they have
to come from experience.
As final proof of this research's SlIc:cess, grabber is activdy

IISed

ever day. The author

does indeed eat his own dog food when be wants to use his video devices. From streaming
the aueliu and video of a Colby student's appearance on Jeopardy over the network to a web
browser in the computer lab to taking pictures out the window of the previous night's snow
to watching the nightly news, gmbbe1' can and

do~'s

do it all.

The author recommends every libera.l arts student of computer science strive to undertake
a similiar self-directed software engineering project. The curriculum at liberal arts colleges
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i::; often limit.ed by a small faculty t.hat only has the t.ime to teach

it

:-;ma,ll number of courses.

Reduced course offerings can leave koowledge gaps t,hat the IT indust.ry demands potential
employees fill before being hired. An independent study that focuses on solving t.he real
world computer science problems (\ student hopes to work on after graduation is an excellent
solut.ion to t.his dilemma.

5.1

The Future of grabber

In the Dear future, gmbbefs source code will be rele.ased to the Internet· community as
a.n open souree project. As such, grabber will have the abilit.y to evolve and fit the needs of

developers and users around the world. All.hough the author would like to see personal video
recorder features a.dde<l to gmlJber, perhaps the user df'mflDds for some other feature, such as

advanced deinterlacing will t.ake precedence. It's hard to predict exact.ly how gmbbers entry
int.o the V4L applict.ion landscape will be perceived, but. it's sure to be be an int.erest.ing and
exciting joumey.

5.2

Contacting the Author

The aut.hor plans to continne working on grabber.

Pk(\s(~

contacr. him if you would like

to develop grabber furt.her or have plans to use it in anot.her project.

A search on the

Internet ::;hould reveal a current. e-mail address for Kevin Septor, but failing that
<kjseptor@alum.colby.edu>.

ple<l~e

t.ry

Appendix A
User Manual
Installing

A.I

• Install all of the

-

US<"~

reqllin~<llihraries (asoulld

lire_eli ot. jp<:\g. qt frolll the attached CD.

Qt version 2.3.2 with the lupdate and lrdcasc tools frotl1 \,'ersion 3.0+

• Download the tarlmll. or get it from the attache I CD.

• tar -xzvf grabber-yyyymmdd.tar.gz
• cd grabber-yyyymmddl
• make
If compilation fails, edit tbe variables in src/Makefile to match the system's install

locations for the required libraries and re-run make
• mkdir -I.grabber
• ./src/grabber
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View
Lists t.he various mct ho<.b of tlis}..llaying the inooIlli ng \·iueo such as oycrlayed, deinterlaced,
etc.

Control
Allows the user to adjust the volume and channel settings) if the attached devicf: supports
these features.

The List of Attached Video Devices
Below the separator bar is the current list of attached video devices, or a helpful message

(show in §A.2.2) if there aren't any.

A.2.2

Tools

Under this menu one

call rlCceS$

the various touls that contain the

Ul<.l<'lt (

f gmbbe"-;s func

tionality. Each tool fOnghly wlTcspunds to on' of t.he exist-in prooTams that have been
assimilated into grab beT.
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Web Cam
- .. Well

it ~

C::-Ul1

Unable to find any video de .... ices Please checl:. that a
device is registered under Ide'llvideoO.
11'S possible ttl.at another program IS currently accessing

your system's video device. Please checl:. via the visor
command (e.9. IUsrlsbinrlsof IdevlvideoO), close the
other application using the device, and restart grabber.
Thanlc. you, have a nice day.

ed, 05:...tvl~~ ZOO""--' 22.02:26. -~(lO

~review

I

Upload

I

.

I

Hide Options

•.

Status: Ready to snap preview in 0 seconds.

r Options ----,......------:----:----------::-----,~'--Protocol
Host
Directory
File

JPEG QUality
Preview Delay

Labet Images

I scp

:::::JI

I.. . OI......b...........
yO -C-OI-b-y.-e-dlJ-----------
C......

I/expOrtlhOmetstudentsll:.lKjSeptor/PUblic_htmVme

Igrabber.jpg

175 :::l
10 ~
p- h,a~.'t.">.d'~'~'h'!OY

%H:'YoM:%S %z

j

grabber rules!
Edit..

Auto UplOad

r r
r

~
Configure...

II

I

The Preview button takes a sna.pshot ba:;ed on the parameters in the opt.ions. The Upload
but too must be pressed \.Q actually upload t.he image to the remot.e site specified by the
opt.ions.

L·l!W)

Editor

.rg?
9

~

•

r -.

1

I

r:J

fotion Captul'C'
? i
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Sele<.:t the d(":Sircd opt.ions aDd then press Start Monitoring to begin captluing and com
paring framo.-;. The left side show::; the llr@violls image agaiu&t which the ('lIrrent image is
compBred for motion. 'Fhc resulting intensit.y difference between the two is shown in the
image on the right..

Live Streanring

Current Connections
IP

216234.3.1865629
5.36.1204
2675022
64.8392.103 63425

1
5

40T.
SOT.

1

75%

no
ye·s
yes

•
HTTf'd'log

Slatus: Running

_~

Stop

Hide Options

I

Options - - - - - - - - - - - - - - - - - - - ,
Connection Limit
Admin Passwurd
Web Root
Port

15 ~

F
I
I8060.:d
~

tnfstpeoplef):.s!.grab be rfwl ::::J

Browse...

I

The list of current conne<:tions in the live streaming t{ml is Tlou-fuud iWlal <\nd only intended
as a place holder, as are the start/stop

blltton~

docs work and 'will display client req\l~sts.

and the optjons. However, the HTTPcl log
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VBI Window

- XDS Info - - - - - - - - - - - - - - - - - , .

Name

I Value

CALL
LENGTH

TBS
0:02:00 of 1:00'00

NETWORK

Turner

RATING
TIME CODE

4/251100

TITLE

little House On the Prairie

I

(NOT RATED) (lZ)

~--;

".

- Closed Captioning - - - - - - - - - - - - - - - - . . . . . ,
IT'S LIKE A mEAT

MY R~FFlIGERA1FOR
IS AI-WAYS STOCKED
I DEFINITELY GOT

MY SPARKLE BACK
I'MREALLV PROI!J{J OF MY MOM.
TO BE A ROLE MOL
fOR MY DAUGHTER.

In this screen capture the closed captioning and XDS data was recorded from a toothpaste
eommeJ(.:ial during

8

show on TBS, as the CUI explains. The screen shot is outdated and

current versions also have a Save Buffer As. .. button which

wm bring up

(I

file ('hoO-ser

and save t.he Closed Captioning data to that file. This featnre is very useful for creat,jug
movie scripts. Just pop in a DVD, play the whole movie, and save the buffer to a file.

Capture JPEG
Saves a JPEG image of the current input. The file name and Si7..e will appear on the status
bar.

APPENDIX A. USER MANUAL
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Capture PNG
Saves a PNG image of the current. input.. The filo nalUe and size will app0.ar on t.he statlls
bar.

Capture BMP
Saves a BMP image of the current. input.. The file llame and siz€ will ~ppear on the st.atus

bar.

A.2.3

Settings

Show Menubar
Toggles the visibility of tIle menu bar. A right.-click popup menu contains exactly the same
ent.ries as the menu baL

Show Statusbar
Toggles the visibility of the status b,u.

Closed Caption
This button would t.oggle closed caption display over t.he video input" but unlike tvtime the
feat,ure hasu't. been implemented yet.,

Some cool option
This option doesn't actually do anyt.hing, it's just a place holder in an al.tempt, to mimic t.he

KDE User InterfacE' Gliidelines[7J.
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Configure Grabber
~

->-OptlOns

General

I Image Properties I Channels I

Brightness

J

[BBJ

Hue

J

~

Color

J
J
J

Contrast
Whiteness
Norm

I NTSC

Scale Image

fjelp

[52]

1

LJll

:3

Full Screen 1640 x 480
Ralio 14:3

rn

:3

:3

Ilf FUll Screen

:3

8Pply

II

QK

~anceJ

I

This dialog has the applica.tion global options that effect all of the individual tools. Only
(.be sliders in the Image Properties tab and mixer selection option under the General tab
are functional.
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Setup Wizard

fi 0 f.:3

- ... gralllJl~r - configuration wizani

Step 1 of '1
Please select your language
Veuillez choisir yotre langue,
Wahlen Sie bitte Ihre Sprache lIor,
Selezioni prego la Yostra lingua.
Seteccione por favor su lengua.

IEnglish E

Cancel
'I
6--

II

"

Next >

Help

The configurat.ion wizard will only filt in a very minimal config file in the very last. step and
ignores most of the ehoices you act.ually make.

A.2.4

Help

The Help menu cont.ains a set. of entries t.hat may act.ually help yOll with using grabber.

FAQ
- .. grabber - Frequently Ask.ed Questions

~

Pie ase see http://cs.colby.edul-k.slgrabberlfaq.htmlfor the FAQ.

OK

Just. point.s to a URL that has a very spars€ list of frequent,iy asked questiolls because of

grabber's awesome usability C\nd low learning curve.
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About
-,", Ahout grabber
About

I Credits I license Agreement

I==~=~~

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Founda
675 Mass Ave, Cambridge, M,
Everyone is permitted to copy and distribute vert
of this license document, but changing it is not a
Preamble

Close

Sbows t.he ncdits ,uld

softwar~

I

hCCU5f'.

About Qt

This program uses Qt "'inion 2.3.2, a mulliplalfonn C•• GUI toOlkilfrom TroIll8th. QI
pro",ldes single-source portability atroSS Windows 9Ml8!NT4IMeI2000, Linux,
Solarls, HP-UX and many oller versions of UnIX wlIh Xl1.

see

Ilttp' I t - . trolJ.heh. e-Jlqt.1

for more infonnatlon.

A little prefabricated hlurh ,,"lbOllt Qt. Sallily. this diiUOg is modlll and siucf' it s provided by

Qt., there'g no way to change its bel1a\?1 r. Regill."dless, T'rolltech does provide QtjXll for

In'('

rJli'

,Iild ill

ilppWprid1('

for '1IIIIdlli to

'Ili:--liltl" I'lll~

('(I]ltdill

il> 1I:--('!' lllH\'

illHlIll (21,

eat Tricks

.3
A.3.1
'/nJh!Jr

it·.. .

li'ibl

\'('1\

1I(lrliillg

klll)\'li

,->1

rl.R ,\l.\.\T.\l.

\PPE:YOl.\ ,\,

XII Tunncljn

I' "<l1l

1)(

mil nU iI Itl):--I 11'!llfllp IllcwhiTll' hllr 11:\\'(' IT:--

:'\11 Im-\\"i·tnIUl0; b 11"'c!. TIll' :--ill1plc' ,wd :--c'('\lrl'

rJlill'hilll' If

Afll'I\\";I1't!'... ~I lit 1/11//'/)( I fllllll

server> to log ill
,IPP('ill \\'11

h I til' di:...pb\·, Till" Il:--P~

,1 /01','11 illl'il

A.3.2

tI I,ll llf

rh,

cel

,'PI)(':-lt"

\\';1\

i, 10 nm ssh

Oil IIII'

llillld\\-idih ;Il\t! \\'illlllol,,,I,I\' onl\' work

The Easter Egg

Input
•

D

...
"""f

-'", --

~~~~,
... ] .-::

r.;~

~

j
.,:>

~

'!~~,.

.

".

,~

~

..

~i

II,

-:~

""•

~

~

,

~

')

L

"

""

J:'

U

-

.... (

.....

,~XI :'i:~-~:

,1,

:~

1

-~J.O'

oCt

"

D'It'

;i';;:

A

I,".,,·
,)...
'1

..:

u

11 ",
• .

-:
"D,."
....,

.'.

.t.
""
.• ~

,.,
'0'

·""It·,

:! ...

; IT L~'

"......,

.• -.

,

•~

"i'

,.~..

j=....~

"u

~(.

't.L

'lr
.? ·\- ·'.
I'

~~

11

.:".:-

. II

---~'

r

.'

It,.

?tl.~ .... .1'"
'. t

~

•. ,

."

•~p
"'-&-!t.
';1

.,.~

-

-><

- ''''

"i'h

}

.. ;

.....

..
; ,tJ

~
•

,; ~~

,~
wl
"t
&
-"
or'"
. ",
,,"-'
'.I:.

7- D

•• .. ~~

., ."'"
'.~

-'

,~.
'J

\
...
..,.-
.''f

~
•

~
~

t;

-~

.'':'
_\1011
"',

.~

• ~ I ~ .. ~ ,
':

~~!
i~_.:~
'~{ c.
;
.. _ }

• .::... ~1 It
J,.
,-~ ''',C:
Q--;~~ ~,

~'

•

r- r, ..t
,...
~ ~ l: f

r:

-•

It

•

I'
•r ~ .\
II

I

::: -

U

~ O'

•

4.'

.
C
.

'

••

~

'''1It"
1,
...- ~
' 1 1 . 4':(.... 51
X 3
, . . .:..- "'ttl
(.'
.,
. . . . . "H'~~,
+.
-~
•
~''''4':'''
'
,
•• ~ -.
• •
""'C".
L ' ~- ~
• -'~~"~i',· .010~
..
(I')
.. ' ~,.l .... ?
.J'
~

..,.

,•
,

~..

',.

D

~ ;

;~:I:
""...
'Pl' ."fo

i

D

.. ~. - ll'
~ 11 ~ t
~ : it H'"

h'or" ,. J
3',

.. )-.:

~~
~

d ,~

:.

:

. ~=
~I

,

I;

...

.. II
.,.

· ".t -• .

- .

] 'ii .. t 1 . f

.,

_

--

-,."

.:

~~

: f . .%

~
;. ,.....:~;1.!
-u

~.

,..

l"

0

,
,,"t

~9:'

-, ~~ .,~

" " ' . O'

~;S

~

• ,.1; :.....
.."

t
-s::

.,..

w~·

:~l:e
~r: ~

:J

~~
11

11::,.

0"

•• ~

1

"oj

i~ ~

'

~

,,"

~

• -l
".
t,)!

.

t.,

I

~~

I

~~~.t'·11
,~. ~ c

••

~ ~u·
H.~.
';'..: 1-~. ,~~. ~.!
f·
,.,:.
r- ..

I<

::J

I"

:

•
Ii
~

~
~

j
0"

;"

_....";
'!.-:
, :'"
~ 1
\.-\~, ,. zf.:l

:~

?
L
F

rc.

~

..

1 :

e.,!,

,1

:'

~"

oJ"..

.'f,
-'';,
..,.J~... " " 1.:I
1. o,S" .... ;
') r ., ~~ -h.0: .I
..

~

:. ;;:'
. ,

~,

I:

II

i

lJ

•

, , ' : "1",'"

"0 ~II

3

,; r

1f'o

' : ' ) ,• •"

~

ft

-

t~I'~

. ~ ,. ." '1,1

:y

'"
ll'

Itl

r

~~

~

;

t~

'('i ·'Il A - P1 ; i ~ \
\ji'~ ~,~

-.,
1'-

..." .:.

~.7

.. II'

~ ;;~

·H

.-'0..
lit,

e,-

.:.,

.. AI

~t",

D
IL-J~L-.#.I

grabber vO.O

-{;:J

-x

<remote

l'OlllllliIlHlll11I' ;llId (\ IIWdl \\"111111)\\ \\

upl \\II!"

i )(

[oc'al dic'llI

1

•

I.'.

II ...

n

'J.

~~

! ..

I
~

it,
~

:.~

~i3
i',,~

~

i

;: ..'4,
i

. .
"'~ I

.~
z

~
11

~

i

,

a•
• r.

7 •

~ ~

~

il

\\"I'll Cl\"l'l

APPENDIX A. USER MANUAL

52

To toggle the Matrix effect easter egg, simply type xyzzy, which is tbe magic word from
Adventure.

A.4

Fixing grabber

A.4.1

Clearing the Message Queues

If grabbe1· isn't cleanly shut dowlI, it can't dean up the system message queue it has allocated
to transmit data between the main applica.tion a.nd the SCPQNetworkProtocol c1ilss. To
rectify this situation the user must. type:

ipcs -q I grep lid -un' I awk '{print $2}' I xargs ipcrm msg
a.t the command line. grabbe-r can detect when the queues are filled and prints this
to the tenIlinaJ.

rr1(.~~~ag('

Appendix B
Programmer's Guide
B.I

Quick Start

main. cpp has the mainO method. It perfonns some initia.lization Rnd

Cf('af{':-;

illl iustilll("('

of t,be Crabber class, which in t.urn creates a.ll of the widgets and sets lip t.he menus.

B.2

UML

An out, of date UML diRgram has beeD included. un the accompaning CD-ROM. It was

created with ArgoUML[5].

B.3

The GAV File Format

GAV stands for ~nl.bber Qudio ~ideo. The ~\'ebservcr just ~t reams them out. All blocks are
1 second. in duration. The format. of the chunks is as follows:
• 4 bytes - block header / mRgic number, Ox67617630 "gavO" 1,734,440,496
• 1 byte - frames per second, 2's complement
• 2 bytes - length of audio file in byt.es, 2's complement, or

°

for no audio

• ? byt.es - (optional) 8 bit., u-Iaw (mn-law), 8000 Hz, one-channel, SUN/NeXT ".au·'

file
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• 4 bytes - lellgth of first video frame in bytes, 2's complement
• ? oytes - JPEG image
• ... repeat 4 byte length rPM / ? byte image read unt.il frames read. = FPS

The audio format should be
• encoding

=

PCNI.SIGNED

• sample rat.e = 8000.0
• sample size in bits = 16
• channels = 1
• frame size = 2
• frame rat.e = 8000.0
• big eudian = true

B.4

Development Hardware

While developing grabber an ATI TV Wonder was

\I~d

with the bt.tv driver distributed in

t.he 2.4.x stable branch of the kernel, specifically version 2.4.23 of the kerneI113]. A Logiteeh
Quic:kca.m Expre,<;s USB \\ itb the qc--ga 0.40d and qc-usb 0.6.0 drivers[9] and an IntE'1 model
Dumber CS330 webcam with the spca50x 0.30 and CVS drivers I10] pulled all March 6th,

2004 were also used.
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